INVENTOR: Todd M. BURDINE 



DIAGNOSTIC METHOD FOR DETECTION OF MULTIPLE DEFECTS IN A LEVEL 

SENSITIVE SCAN DESIGN (LSSD) 

FIELD OF THE INVENTION 

[0001 ] This invention relates to a method of diagnostic testing of digital circuitry 
and more specifically to testing and diagnosing scan chain failures to failing data 
retaining circuit elements. 

BACKGROUND OF INVENTION 

[0002] Electronic circuits are increasingly being optimized for lower power and 
smaller size requirements for better incorporation into integrated circuit designs. 
The increase in complexity and gate count within integrated circuits also requires 
that electrical circuit testability be addressed in the designs of integrated circuits. 
One general methodology of integrated circuit testability is referred to as Level 
Sensitive Scan Design (LSSD). A LSSD circuit complies with a set of design rules 
that enhances the observability and controllability of digital circuit elements so as to 
enhance testability of a complex digital design circuit. 

[0003] In a LSSD design, scan chains provide access and testing for the internal 
circuits of large-scale integrated (LSI) circuits, very large scale integrated (VLSI) 
circuits, and other integrated circuits. The scan chains can be configured as one 
long chain or multiple short chains. FIG. 1 illustrates a block diagram of an 
exemplary LSSD design circuit 100. The exemplary LSSD design circuit 100 
includes multiple scan chains 1 1 0 interfacing with the logic circuitry 1 20. 
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[0004] FIG. 2 is a block diagram of a scan chain 110. The scan chain 110 
generally includes a set of shift register latch blocks or data storage elements 210 
connected in a series configuration. 

[0005] These latch blocks 21 0 incorporate a design that allows data to be loaded 
into a shift register through an alternate data input. This alternate input is generally 
used for circuit test and stimulation and is sometimes referred to as a "scan input" 
since it allows a pre-defined state to be "scanned" into the sequential circuit using 

these register latch blocks. Loading a latch block with a particular value allows, for 
example, placing a sequential logic circuit into a desired state. 

[0006] FIG. 3 is a block diagram of a typical latch block 21 0. The latch block 21 0 
or shift register latch includes a pair of latches L1 and L2 where L1 310 is the 
"master" latch and L2 318 is the "slave" latch. The LI latch or master latch 310 has 
two data ports, a system input port SYS 302 and an alternate data input port SCAN 
306 and may be updated by either a functional clock C1 304 or a scan clock A 308. 

[0007] In normal operation of the shift register block 210, data is provided on the 
system input port SYS 302 and this data value is selected for storage into latch LI 
310 upon a transition of the functional clock CI 304 from low to high. The shift 
register block 210 is also able to select for storage data from the alternate data input 

port SCAN 306 by providing a data value on the alternate data input port SCAN 306 
and then causing this value to be stored into latch L1 310 upon a transition of the 
scan clock "a" 308. Once a data value is stored in LI 310, this value is available, 
after a propagation delay, at the LI Output 31 2. The logical value that is present on 
the LI Output 312 is stored into latch L2 318 upon a transition of shift clock "b" 314 
(or shift clock c2) from a logical low level to a logical high level. After the LI Output 
312 is stored into the L2 latch or slave latch 318 that logic value is available, after a 
propagation delay, on the L2 output 320. 

[0008] A scan chain provides access to the internal parts of a chip and its 

function is critical in testing a chip. A problem arises, however, when a scan chain 
fails. Often scan chain fallout occurs early in the life cycle for new chip technology 
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development, and quickly diagnosing any scan fails is critical to improving the 
process so that targeted manufacturing yield levels can be achieved. 

[0009] Generally, scan chain fails can be divided into two categories: DC defects 
and broken. A broken scan chain is one that will not operate under any conditions 
(e.g., voltage, frequency, temperature). A scan chain containing DC defects will only 
operate under certain conditions (e.g., only between 1.2V and 1.3V). The condition 
or conditions under which a scan chain operates or fails will be referred to as the 
"operating region" and "failing region", respectively. 

[0010] One method provides some success in diagnosing and locating a first 
failed register latch in a scan chain. This method contains the steps of loading the 
scan chain in the operating region, and unloading the scan chain in the failing 
region. 

[0011] Another method provides some success in diagnosing and locating a last 
failed register latch in a scan chain. This method contains the steps of loading the 
scan chain in the failing region, and unloading the scan chain in the operating 
region. 

[0012] To illustrate these methods, consider the following example of a scan 
chain 400 consisting of eight latches as shown in FIG. 4. Assume there is a defect 
450 at the output of RML5 408 that causes the chain to be stuck-at "1" in the failing 
region, where RML means "Register Measure Latch." Using the first method, the 
scan chain 400 is loaded with all zeroes (O's) in the operating region, resulting in the 
value of each latch to be a zero or RML(1 :8) = '00000000'. The propagation during 
each of the clock cycles (i.e. cycles 1-8) across the scan chain 400 from scan input 
202 is shown in block 420. Next, the scan chain 400 is switched into the failing 
region and unloaded. The following data is attained: RML(1 :8) = '00001 111'. From 
this data, it may be diagnosed that the DC fail occurs on RML5 408. The output 
taken from scan output 204 is shown in block 422 after all of the input value of zero 
has propagated through the scan chain 400. 
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[0013] To illustrate the second prior art method shown in FIG. 5 is a block 
diagram of an exemplary scan chain circuit with a DC defect 450 again at the output 
of RML 5 being scanned. Using the second method, the scan chain 400 is loaded 
with all zeroes (O's) in the failing region, resulting in RML(1:8) = '11110000'. The 
propagation during each of the clock cycles (i.e. cycles 1-8) across the scan chain 
400 from scan input 202 is shown in block 520. Next, the scan chain is switched into 
the operating region and unloaded. The following data is attained: RML(1:8) = 
'1111 0000'. The output taken from scan output 204 is shown in block 522 after all of 
the input value of zero has propagated through the scan chain 400. From this data, it 
may be diagnosed that the DC fail occurs on RML5 408. 

[0014] Now consider the following example of a scan chain 600 consisting of 
eight latches with two DC defects 652 and 654 as shown in FIG. 6. Assume there 
are defects at the outputs of RML5 608 and RML3 612 that cause the chain to be 

stuck-at "1" in the failing region. Using the first method, the scan chain 600 is 
loaded with all zeroes (O's) in the operating region, resulting in the value of each 
latch to be a zero or RML (1 :8) = '00000000'. The propagation during each of the 
clock cycles (i.e. cycles 1-8) across the scan chain 600 from scan input 602 is 
shown in block 620. Next, the scan chain 600 is switched into the failing region and 
unloaded. The following data is attained: RML(1 :8) = '001 11111'. The output taken 
from scan output 604 is shown in block 622 after all of the input value of zero has 
propagated through the scan chain 600. From this data, it may be diagnosed that the 
DC fail occurs on RML3 412. 

[0015] To illustrate the second prior art method shown in FIG. 7 is a block 
diagram of an exemplary scan chain circuit with a two DC defect 652 and 654 being 
scanned. Using the second method, the scan chain is loaded with all zeroes (O's) in 
the failing region, which results in RML(1:8) = '1111000'. The propagation during 
each of the clock cycles (i.e. cycles 1-8) across the scan chain 600 from scan input 
602 is shown in block 720. Next, the scan chain is switched into the operating region 
and unloaded. The following data is attained: RML(1 :8) = '1111000'. The output 
taken from scan output 604 is shown in block 722 after all of the input value of zero 
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has propagated through the scan chain 600. From this data, it may be diagnosed 
that the DC fail or fault occurs on RML5 408. 

[0016] When there are multiple DC defects in a scan chain, only the first and last 
defect in the scan chain can be diagnosed and identified using the two mentioned 
methods. Although this is useful, if there are multiple defects, for example a third 
defect at RML 3 which is between defect 652 of RML4 and defect 654, this third 
defect or inner defect (inner meaning after the first and last defect of a chain) cannot 
be detected by these prior art methods, either separately or combined. Further any 
multiple defects that occur between a first defect and a last defect are not detected 
by these prior art methods either, again either separately or combined. 

[0017] Accordingly, there is a need for a method to diagnose and locate all 
multiple DC defects in a scan chain. 

SUMMARY OF THE INVENTION 

[0018] Methods and system for testing scan chains in integrated circuits. This 
method enables fast diagnostics for locating failed shift register latches, An aspect of 
the present invention is to provide a method of testing broken or stuck-at scan 
chains in an Integrated circuit to diagnose and locate failed shift register latches, 
including the steps of, placing the scan chain circuit into an operating region, loading 
a scan test pattern into the scan chain, placing the scan chain circuit into a failing 
region, applying a shift clock pulse to the L2 latch, placing the scan chain circuit into 
an operating region, and unloading the scan chain. 

[0019] An aspect of the present invention is to provide a method of testing 
broken or stuck-at scan chains in an integrated circuit including the steps of, placing 

the scan chain circuit into an operating region, loading a scan test pattern into the 
scan chain, placing the scan chain circuit into a failing region, applying a scan clock 
(also called scan-in clock) pulse to the LI latch, placing the scan chain circuit into an 
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operating region, applying a shift clock pulse to the L2 latch, and unloading the scan 
chain. 

[0020] The foregoing and other features and advantages of the present invention 
will be apparent from the following more detailed description of the embodiments of 
the invention, as illustrated in the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0021] The invention will be described in detail with reference to the following 
drawings in which like reference numerals refer to like elements wherein: 

[0022] FIG. 1 is a prior art block diagram of an exemplary Level Sensitive Scan 
Design (LSSD) circuit. 

[0023] FIG. 2 is a prior art block diagram of an exemplary scan chain circuit, 
which is generally comprised of a series of shift register latch blocks or data storage 
elements. 

[0024] FIG. 3 is a prior art block diagram of a shift register latch block or data 
storage element. 

[0025] FIG. 4 is a block diagram of an exemplary scan chain circuit with a DC 
defect at the output of RML 5 being scanned with a first prior art method. 

[0026] FIG. 5 is a block diagram of an exemplary scan chain circuit with a DC 
defect at the output of RML 5 being scanned with a second prior art method. 

[0027] FIG. 6 is a block diagram of an exemplary scan chain circuit with two DC 
defects at the outputs of RML3 and RML5, respectively being scanned with a first 
prior art method. 



ROC920030281US1 



6 



[0028] FIG. 7 is a block diagram of an exemplary scan chain circuit with two DC 
defects at the outputs of RML3 and RML5, respectively being scanned with a 
second prior art method. 

[0029] FIG. 8 is a flow chart showing a process for diagnosing scan chains with 
master or L1 latch DC defects, according to the present invention. 

[0030] FIG. 9 is a flow chart showing a process for diagnosing scan chains with 
slave or L2 latch DC defects, according to the present invention. 

[0031] FIG. 10 is a block diagram of an exemplary scan chain circuit with three 
DC defects at the outputs of RML3, RML4 and RML5, respectively being scanned 
according to the present invention. 

[0032] FIG. 11 is an exemplary table illustrating the state of each LI and 1-2 latch 
for each Latch Block RML(1 :8) where three DC defects, caused by the respective L2 
latch in a stuck at 1 condition are assumed at the outputs of RML3, RML4 and 

RML5. 

[0033] FIG. 12 is an exemplary table illustrating the state of each LI and L2 latch 
for each Latch Block RML(1 :8) where three DC defects, caused by the respective L1 

latch in a stuck at 1 condition are assumed at the outputs of RML3, RML4 and 
RML5. 

DETAILED DESCRIPTION 

[0034] IVIethods for testing scan chains in integrated circuits to diagnose and 
locate failed shift register latches, according to the present invention, provide a quick 
and efficient way to identify multiple DC defects in a scan chain. 

[0035] Such methods may include the steps of placing the scan chain circuit into 
an operating region, loading a scan test pattern into the scan chain, placing the scan 
chain circuit into a failing region, applying a shift clock pulse to the L2 (slave) latch, 
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placing the scan chain circuit into an operating region, and unloading the scan chain. 
An additional step may be added to analyze the resulting data. 

[0036] Such methods may include the steps of, placing the scan chain circuit into 
an operating region, loading a scan test pattern into the scan chain circuit, placing 
the scan chain circuit into a failing region, applying a scan clock pulse to the L1 
(master) latch, placing the scan chain circuit into an operating region, applying a shift 
clock pulse to the L2 latch, and unloading the scan chain. An additional step may be 
added to analyze the resulting data. 

[0037] Scan chain circuits such as those shown in FIG. 2 have been shown to be 
used advantageously with the present invention. Other scan chain circuits are 
those as described in the article entitled "LSSD Scan Design Enhancement for Logic 
Diagnostics" by author Todd Burdine, published by International Business l\/lachines 
on July, 22, 2003 at IPCOM# 00001 7002D and available at online URL 
(www.ip.com) and is hereby incorporated by reference in its entirety. 

[0038] FIG. 8 illustrates a flow chart of a process 800 for diagnosing and locating 
multiple DC defects in the L1 (master) latches of a scan chain in accordance with an 
embodiment of the present invention. The process 800 includes the steps of placing 
the scan chain circuit into an operating region (step S810), loading a scan test 
pattern into the scan chain (step S812), placing the scan chain circuit into a failing 
region (step S814), applying a shift clock pulse to the L2 (slave) latch (step S816), 
placing the scan chain circuit into an operating region (step S810), and unloading 
the scan chain (step S818). An optional step S820 is provided for analyzing the 
scan chain results. 

[0039] FIG. 9 shows a flow chart of a process 900 for diagnosing and locating 
multiple DC defects in the L2 (slave) latches of a scan chain in accordance with an 
embodiment of the present invention. The process 900 includes the steps of placing 
the scan chain circuit into an operating region (step S910), loading a scan test 
pattern into the scan chain (step S912), placing the scan chain circuit into a failing 
region (step S914), applying a scan clock pulse to the L1 (master) latch (step S916), 
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placing the scan chain circuit into an operating region (step S910), applying a shift 
clock pulse to the L2 (slave) latch (step S918), and unloading the scan chain (step 
S920). An optional step S922 is provided for analyzing the scan chain results. 

[0040] To illustrate the diagnostic methods of FIG. 8 and FIG. 9, we reexamine 
the scan chain shown in FIG 6. and FIG. 7 but now with three defects 1052, 1056 
and 1054 as shown in FIG. 10. The three defects or faults 1052, 1056 and 1054 at 
the outputs of RML5 1008, RML4 1010 and RML3 1012 that cause the chain to be 

stuck-at "1" in the failing region. To diagnose all the faults in the scan chain, one 
may apply the diagnostic method of FIG. 8, and load the scan chain circuit with all 
O's in the operating region (steps S810 and S812). The propagation during each of 
the clock cycles (i.e. cycles 1-8) across the scan chain 1000 from scan input 1002 is 
shown in block 1020. Next, the scan chain 1000 1 is placed into a failing region and 
apply a single "b" or "shift" clock (steps S814 and S816). Continuing further, the 
scan chain 1000 is placed into an operating region and then unloaded (steps S818 
and S820). This method results in RML(1 :8) = '00000000' which indicates that there 
are no fails in the LI latches 310. 

[0041] Next, one may apply the diagnostic method of FIG. 9, and load the scan 
chain with all O's in the operating region (steps S910 and S912), place the scan 
chain into a failing region and apply a single "a" or "scan-in" clock (steps S914 and 
S916). Place the scan chain in the operating region, and apply a single "b" or "shift" 
clock to perform a "skewed" unload of the chain, (steps S918 and S910). A skewed 
unload is accomplished by applying an extra "b" or "shift" clock before starting an 
unload of the scan chain. This is shown in block 1024. Similarly, applying an extra 
"a" or "scan-in" clock after the loading of a scan chain performs a skewed load. In 
this example, after the skewed unload is performed, the chain is unloaded in the 
operating region (step S920). The output taken from scan output 204 is shown in 
block 1022 after the scan test pattern has propagated through the scan chain 1000. 
The data scanned out will be: RML(2:8) = '01 1 1000'. (The data in RML1 1016 is lost 
because of the extra "b" or "shift" clock.) This identifies RML5 1008, RML4 1010 and 
RML3 1012 as the failing latch blocks with stuck- at 1 fails. 
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[0042] The first method tests the L1 latches and the second method tests the L2 
latches. From this data, it can be concluded that the defect is in the L2 latches 
(between the input of the next L1 and the output of the previous L1) of RML5 1008, 
RML4 1010 and RML3 1012. This output data matches the example test faults, 
which occurred on the output of the L2 latches of RML5 1008, RML4 1010 and 
RML3 1012. These results and the states of the L1 and L2 latches of each Latch 
Block RML(1 :8) are more fully detailed in the tables provided by FIG. 1 1 and FIG. 
12. 

[0043] FIG. 11 is a table illustrating the state of each LI and L2 latch for each 
Latch Block RML(1 :8) where three DC defects 1 152, 1 156 and 1 154 caused by the 
respective L2 latch in a stuck-at 1 (HI) condition are assumed at the outputs of 
RML5 1 1 08, RML4 1110 and RML3 1112, As shown in block 1 1 20, the scan chain 
1 1 00 is placed in an active region and LI and L2 are loading with all O's. Next, the 
scan chain 1100 is placed in a failing region as shown in block 1122. When the 
scan chain 1100 is placed in the failing region, the three defects 1152, 1156 and 
1 154 assumed at the output of the respective L2 latches will now be present. Block 
1 124 illustrates the states of the LI and L2 latch output after Clock A is applied while 
still in the failing region. The Clock A causes the output of the preceding L2 latch (or 
scan input) to load into the next LI latch. Block 1 126 illustrates the states of the LI 
and L2 latches after the scan chain 1100 is returned to an operating region, which 
causes the three defects 1 1 52, 1 1 56 and 1 1 54 to no longer be asserted. Block 1 1 28 
illustrates that a single Clock B is applied to shift the contents of the LI latch output 
into the L2 latch. Finally, block 1 130 illustrates the state of the L2 latch outputs for 
each Latch Block RML(2:8) to be '01 1 1000'. (The data in RML1 1 1 16 is lost because 
of the extra "b" or "shift" clock.) This identifies RML5 1108, RML4 1110 and RML3 
1 1 12 as the failing latch blocks with stuck- at 1 fails at the L2 latches. 

[0044] FIG. 12 is an exemplary table illustrating the state of each LI and L2 latch 
for each Latch Block RML(1:8) where three DC defects 1252, 1256 and 1254, 
caused by the respective LI latch in a stuck- at 1 (HI) condition are assumed at the 
outputs of RML5 1208, RML4 1210 and RML3 1212. As shown in block 1220, the 
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scan chain 1200 is placed in an active region and L1 and L2 are loading with all O's. 
Next, the scan chain 1200 is placed in a failing region as shown in block 1222. 
When the scan chain is placed in the failing region, the three defects 1252, 1256 and 
1254 assumed at the output of the respective LI latches will now be present. Block 
1224 illustrates the states of the L1 and L2 latch output after Clock B is applied while 
still in the failing region. Block 1226 illustrates the states of the L1 and L2 latches 
after the scan chain 1200 is returned to an operating region, which causes the three 
defects 1252, 1256 and 1254 to no longer be asserted. Finally, block 1228 
illustrates the state of the L2 latch outputs for each Latch Block RML(1 :8) to be 
'00111000'. This identifies RML5 1108, RML4 1110 and RML3 1112 as the failing 
latch blocks with stuck- at 1 fails at the LI latch outputs. 

[0045] Alternatively, to detect any stuck-at "0" defects in the latch blocks, both 
methods described in FIGs. 8 and 9, may use a scan test value of "1" instead of "0" 
for loading into a scan chain. While these exemplary embodiments have loaded the 
chain scan with scan test patterns of either all 1's or all O's, the scan test pattern 
may be any combination of 1's or O's. Furthermore, these exemplary embodiments 
have illustrated scan chain circuits with eight latch blocks. There is no limitation on 
the number of latch blocks to be tested in a scan chain by the methods of this 
invention. Moreover, deterministic or algorithmic scan test patterns of 1's and O's 
may be used. Applying the following successive sequence of '10000000'; 
'01000000'; '00100000'; '00010000'; '00001000'; '00000100'; '00000010'; '00000001' 
of "walking" a value of 1 through the scan chain has been shown to be very useful. 

[0046] It is important to note that by using the present invention, multiple defects 
that occur in a scan chain are found quickly and efficiently by using a "skewed 
unload" of the scan chain. Further, the defects found are not limited only to a first 
defect of a scan chain and a last defect of a scan chain but other defects in the 
middle of the chain are identified as well. 

[0047] Further, it is important to note that although a method is described for 
identifying multiple defects for each of the latches LI and L2 separately, it is possible 
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to combine the techniques described in the present invention to find defects or errors 
in both the L1 and L2 latches simultaneously. For example, a scan clock (a) on latch 
1 and a shift clock (b) on latch 2 can be applied in pairs such as ab, ab-ab, ab-ab-ab, 
to save time by testing the L1 and L2 latches in pairs. 

[0048] An embodiment of the present invention can also be embedded in a 
computer program product, which comprises all the features enabling the 
implementation of the methods described herein, and which - when loaded in a 
computer system - is able to carry out these methods for analyzing the scan chain. 
Computer program means or computer program in the present context means any 
expression, in any language, code or notation, of a set of instructions intended to 
cause a system having an information processing capability to perform a particular 
function either directly or after either or both of the following a) conversion to another 
language, code or, notation; and b) reproduction in a different material form. 

[0049] A computer system may include, inter alia, one or more computers and at 
least a computer readable medium, allowing a computer system, to read data, 
instructions, messages or message packets, and other computer readable 
information from the computer readable medium. The computer readable medium 
may include non-volatile memory, such as ROM, Flash memory. Disk drive memory, 
CD-ROM, and other permanent storage. Additionally, a computer readable medium 
may include, for example, volatile storage such as RAM, buffers, cache memory, 
and network circuits. Furthermore, the computer readable medium may comprise 
computer readable information in a transitory state medium such as a network link 
and/or a network interface, including a wired network or a wireless network, that 
allows a computer system to read such computer readable information. 

[0050] Although several embodiments of the present invention and its 
advantages have been described in detail, it should be understood that changes, 
substitutions, transformations, modifications, variations, permutations and alterations 
may be made therein without departing from the teachings of the present invention, 
the spirit and the scope of the invention being set forth by the appended claims. 
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[0051 ] What is claimed is: 
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